Introduction
[2] Solar wind dynamic pressure enhancements can significantly compress the Earth's magnetosphere and lead to global changes in the magnetospheric and ionospheric currents, such as the Chapman-Ferraro (CF) current, region 1 (R1) field-aligned currents (FACs), cross-tail current, and the auroral electrojets [Patel, 1968; Sugiura et al., 1968; Kaufmann and Konradi, 1969; Araki, 1977 Araki, , 1994 Russell et al., 1994a Russell et al., , 1994b Zesta et al., 2000] . Recently, Shi et al. [2005 Shi et al. [ , 2006 concluded that pressure enhancements also cause further intensification of the storm time preexisting partial ring current (PRC), provided that the interplanetary magnetic field (IMF) B z has been southward for a while before the onset of the pressure enhancements. Shi et al. [2005 Shi et al. [ , 2006 inferred this response of the PRC from a nearly instantaneous ground dawn-dusk asymmetric perturbation in the north-south component (H) of the low-latitude to midlatitude geomagnetic field observed during the enhancement interval. However, the ground H-component responds to variations from multiple magnetospheric and ionospheric currents. Thus there is a need to evaluate the relative contribution from all current systems that may affect the ground magnetometer response, and in particular the R1 and region 2 (R2) FACs, to understand more fully and as quantitatively as possible the different current system contributions to the asymmetric perturbation in the H component in response to dynamic pressure enhancements. As in the companion paper [Shi et al., 2008] (hereinafter referred to as paper 1), since we only consider the response at low latitudes and midlatitudes, where the effects of the high-latitude ionospheric currents are negligible, we evaluate only the contributions from magnetospheric current systems and do not include ionospheric currents.
[3] In paper 1 a methodology of applying the Tsyganenko global storm magnetic field model (TS04) [Tsyganenko and Sitnov, 2005] to investigate the magnetospheric current response to pressure enhancements was developed through quantitatively simulating the relative contribution of each current to ground H perturbations during the pressure enhancements. To evaluate the effects of pressure enhancements, new terms associated with present pressure were added to the parameterization schemes of the symmetric ring current (SRC), PRC, R1 and R2 FACs, which are not included in the original TS04 model, and all the terms associated with present pressure in the model were fit to the ground H perturbation during the interval of the pressure enhancements. As an example, the dawn-dusk asymmetric H perturbation during the peak main phase of the 25 September 1998 storm was modeled using the modified TS04 and the relative contribution of the different current systems to the MLT-dependent H perturbations was evaluated. We used the model results to infer that the H perturbation asymmetry is primarily due to (1) a net FAC system with net upward FACs peaking in the evening sector and net downward FACs peaking in the morning sector, which is the combined effect of the closure FAC of the PRC, R1 and R2 FACs, with the PRC contribution being the largest; (2) the equatorial portion of the PRC on the dusk side; and (3) the CF current. No significant contributions from the SRC and tail currents were found. The model results show that the PRC plays a more important role than the others in leading to the observed asymmetry for this peak storm main phase case. This is consistent with the results of Liemohn et al. [2001] and Tsyganenko [2002] that the PRC dominates the others during the peak main phase of storms. The model results suggest that pressure enhancements intensify the preexisting PRC, R1 and R2 FACs nearly instantaneously, which explains the nearly instantaneous response of the ground H component.
[4] In this paper, in order to obtain a picture of current response to pressure enhancements during different phases of magnetic storms, we apply the methodology developed in paper 1 to pressure enhancements during the early main phase, early recovery phase and late recover phase of three magnetic storms, respectively. We examine the ground H perturbation patterns and the contribution of all model currents for each case. We present in section 2 the modeling and observational results for the pressure enhancements. We give a comprehensive discussion on the role of each current Shi et al. [2005] ). The vertical line shows the onset of the pressure enhancement. for the events during the different storm phases in section 3. Conclusions are in section 4.
Results

Case 1: Early Main Phase of the 29 May 2003 Storm
[5] Figure 1a shows the solar wind and IMF data of the 29 May 2003 storm from the ACE spacecraft and the three geomagnetic indices, SYM-H, ASY-H and ASY-D. The vertical line at $1900 UT denotes the onset of the pressure enhancement. It is clear that the IMF B z was strongly southward at $À10 nT for several hours before the pressure enhancement. From the SYM-H panel, it can be seen that the pressure enhancement occurred during the early main phase of this storm with minimum SYM-H $À160 nT. The large and abrupt increase of the ASY-H index at the onset of the pressure enhancement indicates strong ground asymmetric H perturbations at midlatitude since most of the stations contributing to the ASY-H index are located at midlatitudes.
[6] Figure 1b shows all available low-latitude and midlatitude H perturbations in an MLT-MLAT polar map. Note that the H or the east-west component (D) perturbation in this paper has the same definition as given by Shi et al. [2005 Shi et al. [ , 2006 , i.e., the maximum difference between the value of H (or D) during the period of enhanced pressure and the H (or D) value at the onset of the pressure enhancement. The color bar indicates the absolute value of the H perturbation. The poleward pointing triangles represent positive H perturbations at those stations and the equatorward pointing ones represent negative H perturbations at those stations. It can be seen that there were positive H perturbations from late afternoon, through dusk and midnight and extending to dawn. Negative H perturbations were seen within the remaining sector, $0800 -1500 MLT, that extends less far toward dusk than for the 25 September 1998 event (see Figure 1b in paper 1 ). In the 1400 -1500 MLT region, there are positive perturbations in the midlatitudes and negative ones in the low latitudes. The pattern of Figure 1b is much more of a day-night asymmetry pattern, rather than the dawn-dusk one that was seen in the 25 September 1998 event (paper 1).
[7] There was no substorm occurring at the onset based on the AL index and observations of the LANL geosynchronous energetic fluxes at the onset of the pressure enhancement. We fit the modified TS04 model to the H perturbations of 58 low-latitude and midlatitude ground stations during the interval from 1900 UT to 2130 UT for this case. The R 2 of the fitting is 0.61, which indicates not as good of a fit as the one for the case of paper 1, but still good. As in paper 1, the propagated solar wind data using the Weimer technique [Weimer et al., 2003] was used as the model input.
[ Figure 1a in paper 1) and the 10 January 1997 event in section 2.2 below (Figure 5a in this paper), this case had much more dynamic variation in IMF B z during the pressure enhancement. This is probably one of the reasons why we did not fit the H variations as well as for the other two cases.
[9] Figures 3a to 3f quantitatively show, from top to bottom, the contribution of the R2, R1, PRC, SRC, Tail, and CF currents to the total H perturbation and the modeled and observed total H perturbation for stations at different local times. As in Figure 2 , the modeled results are in red and observations are in blue. The local time identified for each station corresponds to the onset of the pressure enhancement. It is clear that the R1 and R2 FACs have the most significant contribution at almost all local times except the postnight sector (Figure 3f ) where most of the positive H perturbation is from the CF and PRC currents. The R1 FAC contribution exceeds that of the R2 FACs at all local times. Figure 3c shows that the strong negative H perturbation around local noon is from the R1 FACs, and Figure 3e shows that the positive H perturbation around midnight is also primarily from the R1 FACs. The CF current has considerable positive contribution to the total H perturbation everywhere. For this case, the PRC has substantially less contribution to the H perturbations than do the R1, R2 FACs and CF current. The contribution from the tail current appears to be on the same order of that of the PRC, and we still do not see significant contribution from the SRC.
[10] The model results show significant contribution to the ground H perturbation from the R1 and R2 FACs. However, the FAC system closing the equatorial portion of the model PRC to the ionosphere in the TS04 model also plays an important role in producing the asymmetric H perturbations. Thus, it is worthwhile to consider the configuration of the combination of these three, i.e., the net FACs system. The magnitude and polarity of the ground D perturbation can be used as an indicator of the strength and direction of FACs [Iyemori, 1990] , namely, positive D perturbations at stations equatorward of the foot points of FACs indicates upward FACs poleward of those stations and negative D perturbation at the stations equatorward of the foot points of FACs indicates downward FACs poleward of those stations. Since we are only considering low-latitude and midlatitude stations, we assume that all FACs map to the ionosphere poleward of the stations. Also, since we only fit the model to the H perturbation during the pressure interval, the D perturbation obtained from the model provides not only an indicator of the net FAC system, but also an independent test for the validity of the model results.
[11] As for the 25 September 1998 event in paper 1, we examine the modeled and observed total D perturbation and make a comparison of the net FAC current system inferred from both, noting as in paper 1 that the inferences of the net FAC system are rather qualitative as well. Figure 4a shows the modeled total D perturbation for 12 artificial stations at MLAT = 45.0°separated by approximately 2 hours local time. The reason for choosing 45°MLAT is that most of observations are also around this latitude. As in paper 1, we schematically put the direction and strength of the FACs signatures inferred from the D perturbations in Figure 4a , with thicker circles representing stronger FACs. Also as in paper 1, we checked and found that the derived patterns and location of peaks are qualitatively consistent with the H perturbation as well. There are net downward FACs from $0100 to $1300 MLT, which do not see a clear MLT peak. There are net upward FACs from $1400 to 0000 MLT with a peak around $1900 MLT.
[12] Figure 4b is the MLT-MLAT polar plot of the observed D perturbation from all available stations for this event. The color bar indicates the absolute value of the D perturbation. The eastward pointing triangles represent positive D perturbations at those stations and the westward pointing ones represent negative D perturbations at those stations. We also schematically put inferred FAC signatures on the plot with thicker circles representing stronger FACs. There were net downward FACs from $0100 to 0900 MLT peaking around $0600 MLT. This MLT range is approximately similar to that of the model results (Figure 4a ), though the peak is not seen by the model. There were net upward FACs from $0900 to $0000 MLT, which is partly consistent with the model results. The peak around $1200 MLT is not seen in the model results but the other one around $1900 MLT agrees reasonably well with the model results. There were clear downward FAC signatures around $1500 MLT equatorward of the high-latitude upward FACs. We attributed this to the closure FAC of the PRC at low latitudes during this period of high maximum dynamic pressure (peaking at $50 nPa). Although the model does not reproduce significant downward FAC signature around this location, we still can see some weak downward FAC signature around $1400 MLT. The model does not reproduce all the signatures of the net FAC system as shown in the observations for this case. We believe that this is in part due to the limitation of the TS04 model in that the MLT distribution of the PRC, R1 and R2 FACs is fixed and does not allow for rotation as a function of the disturbance level. We thus cannot expect to obtain precisely the FAC strength versus MLT, but we do obtain reasonable agreement between the model results and the observations.
[13] Similar to the 1998 event in paper 1, there was a net FAC system enhancement during the pressure enhancement with net upward FACs peaking in the evening sector, shown by both the observations and the model, and net downward FACs peaking around dawn, which is seen only in the observations. On the basis of the model results, the net FAC system is the combined effect of the R1, R2 FACs and the closure FAC of the PRC, with the R1 contribution dominating the other two at all local times. This net FAC system contributes to the negative H perturbation on the dayside and the positive H perturbation on the nightside, which leads to the observed day-night asymmetry. The contribution from the closure FAC of PRC is much less than those from R1 and R2 FACs. Obviously, the role of the PRC in this event is less important than during the 25 September 1998 event in paper 1. As shown in paper 1, the PRC is primarily responsible for producing negative H perturbations on dusk and positive on dawn, which leads to the dawn-dusk asymmetry. On the other hand, the major role of the R1 FACs is to contribute negative H perturbations at noon and positive at midnight, which is primarily responsible for the day-night asymmetry. Thus, the day-night asymmetry observed in this case, instead of the dawn-dusk asymmetry, is due to the relatively weaker contribution of the PRC. A detailed discussion of the role of the PRC and the R1 and R2 FACs will be given in the discussion section.
[14] In summary, the observations show a day-night asymmetric H perturbation pattern for this case. The major contributions to this pattern are from the R1 and R2 FAC system and the CF current. The PRC has significantly less contribution, in contrast to what we found for the event during the peak of a storm main phase in paper 1.
Case 2: Early Recovery Phase of the 10 January 1997 Storm
[15] Figure 5a shows the solar wind and IMF data of the 10 January 1997 storm from the WIND spacecraft and the three geomagnetic indices, SYM-H, ASY-H and ASY-D. The vertical line at $1050 UT indicates the onset of the pressure enhancement. The IMF B z was strongly southward at $À12 nT for several hours before and during the pressure enhancement. From the SYM-H panel, we can see that the pressure enhancement occurred during the early recovery phase of this storm with minimum SYM-H $À90 nT. The increment of the ASY-H index at the onset of the pressure enhancement indicates some asymmetric H perturbations of the ground field at midlatitudes.
[16] Figure 5b shows all available low-latitude and midlatitude H perturbations in an MLT-MLAT polar map. There was negative H perturbation from late morning to the afternoon sector extending up to $1600 MLT. However, it did not reach dusk as it did for the 25 September 1998 event Figure 1b) . But, we still can see some dawn-dusk asymmetry, except that the negative H perturbation region on the dusk side extends less far toward dusk than in the 25 September 1998 event.
[17] For this case, we fit the modified TS04 model to the H perturbation of 38 low-latitude and midlatitude stations during the interval from 1045 UT to 1130 UT. The R 2 of this fitting is 0.73. Figures 6a and 6b show the observed and modeled H perturbation for representative stations on the dayside and nightside, respectively. The model reproduces the observed day-night asymmetric H perturbation, i.e., negative H perturbation on the dayside and positive on the nightside, except for a couple of stations. There is a several minute time shift between the model results and the observations, which is likely the result of the solar wind data being propagated to 17 R E .
[18] Figures 7a to 7f quantitatively show, from top to bottom, the contribution of the R2, R1, PRC, SRC, Tail, and CF currents to the total H perturbation and the modeled and observed total H perturbation at different local times. Similar to the 29 May 2003 event (see Figures 3a to 3f) , the R1 and R2 FACs have the most significant contribution to the ground H perturbation at all local times, with the R1 dominating the R2 at all local times. Around local noon (Figures 7b and 7c ), almost all the negative H perturbations are from the R1 FACs, which is consistent with the results of Zesta et al. important than for the 25 September 1998 event. It contributes considerable negative H perturbation on the dusk side and positive H perturbation on the dawn side. We also see that tail current contributes negative H perturbation everywhere. However, we do not see significant contribution from the SRC.
[19] Figure 8a shows the modeled total D perturbation for 12 artificial stations at MLAT = 45.0°separated by approximately 2 hours local time. As before, FAC signatures are schematically put in the plot with thicker circles representing stronger FACs and we also checked for consistency with the low-latitude and midlatitude H perturbations. There are net downward FACs from $0300 to $1100 MLT with a peak around dawn and net upward FACs from $1200 to $0200 MLT with a peak from $1800 to $2200 MLT.
[20] Figure 8b is the MLT-MLAT polar plot of the observed D perturbation from all available stations for this event in the same format as Figure 4 . There were net downward FACs from $0200 to $1400 MLT (except from 0400 to 0600), peaking from $0700 to $0900 MLT, which reasonably agrees with the model results. Note that there is another downward peak around 0300 MLT, which is not reproduced by the model. There were net upward FACs from $1800 to $0100 MLT, peaking around $1800 MLT and from $2100 to $0000, which also reasonably agrees with the model results. We put two empty circles from $1500 to $1700 MLT because we cannot determine the FAC direction there owing to the lack of data coverage in this region, though there is evidence for net downward FACs based on the limited available observations. For this case, there was strong poleward expansion of the aurora oval during the pressure enhancement [Zesta et al., 2000] . The strong downward FACs from $0000 to $0200 MLT and the strong upward FACs from $2200 to $0000 should therefore include contributions from the substorm-associated FACs. For the same reasons as for the 29 May 2003 case, the net FAC system inferred from the model results and the observations is not fully consistent, but shows reasonable agreement.
[21] The model and observation consistently show there is a net FAC system with net upward current peaking in the evening sector and net downward current peaking around dawn and in the early morning sector. On the basis of the model, this is the combined effect of R1, R2 FACs and the closure FAC of the PRC, with R1 FAC dominating the other two at all local times. As for the early main phase case above (section 2.1), this net FAC system produces the negative H perturbation on the dayside and positive H perturbation on the nightside, which leads to the observed day-night asymmetry. The closure FAC of the PRC has less contribution than the R1 and R2 FACS, and thus plays a less important role than during the peak-main phase event on 25 September 1998 in paper 1. As for the 29 May 2003 event, the relatively weaker contribution from the PRC is the reason for the day-night asymmetry, as opposed to a dawn-dusk asymmetry. But, for this case, the negative H perturbation actually extended further toward the dusk side than for the 29 May 2003 case, which will be discussed in the discussion section.
[22] In summary, the observations show a day-night asymmetric H perturbation pattern for this case. However, we still can see some dawn-dusk asymmetry, except the negative H perturbation region on the dusk side extends less far toward dusk than during the 25 September 1998 event in paper 1. The major contributors to this pattern are the R1 and R2 FAC and the CF current. The PRC has less contribution.
Case 3: Late Recovery Phase of the 6 -7 November 2000 Storm
[23] Figure 9a shows solar wind and IMF data of the 6 -7 November 2000 storm from the ACE spacecraft and the SYM-H, ASY-H and ASY-D indices. The vertical lines at $1800 UT on 6 November and $1745 UT on 7 November indicate the onsets of two pressure enhancements during this storm. In this section we examine the second one, which consists of a series of pressure enhancements occurring during the late recovery phase (see the SYM-H panel) of the storm. IMF B z was already strongly northward for several hours before and during the pressure enhancements, indicating a rather quiet time. The value of the ASY-H index at the onset of the pressure enhancement is almost at the prestorm level, implying no ground asymmetric H perturbation. [25] We fit the modified TS04 model to the H perturbation of 31 low-latitude and midlatitude stations during the interval from 1745 UT to 2100 UT for this case. The R 2 of this fitting is 0.81. Figures 10a and 10b show the observed and modeled H perturbations for representative stations on the dayside and nightside, respectively. The model reproduces the overall positive H perturbations quite well everywhere.
[26] Figures 11a to 11f quantitatively show, from top to bottom, the contribution of the R2, R1, PRC, SRC, Tail, and CF currents to the total H perturbation and the modeled and observed total H perturbation at different local times. Clearly, only the CF and tail currents respond to the pressure enhancements, but the others do not. The CF current is the major contributor to the positive H perturbations at all local times. The model results show almost zero D perturbation for the 12 artificial stations at 45°MLAT during the pressure enhancements (model results not shown), which is consistent with the ground observations that also show nearly zero D perturbation everywhere (observations not shown). This implies very weak FAC response to the pressure enhancements, and makes a clear contrast to the three storm time events studied up to now in paper 1 and this paper.
[27] In summary, there was positive H perturbation everywhere for this late recovery phase case. No polarity asymmetric H perturbation was seen as for the previous cases. The primary contributors are the CF and tail currents, with the CF current response exceeding that of the tail current everywhere. All the other currents have almost no contribution.
Discussion
[28] We have modeled four pressure enhancements occurring during different phases of magnetic storms, which represent different conditions of storm development. The 25 September 1998 event considered in paper 1 occurred during the peak main phase of the storm, when the SYM-H and ASYM-H indices were $À200 nT and $100 nT, respectively. The 29 May 2003 event occurred during the early main phase of the storm, when the SYM-H index was $À50 nT and the ASY-H was $40 nT. The 10 January 1997 event occurred during the early recovery phase, when the SYM-H index was $À60 nT and the ASYM-H was $60 nT. The 6 -7 November 2000 event occurred during the late recovery phase, when the SYM-H index was $À50 nT and ASYM-H were $25 nT. The model successfully reproduces the overall feature of the MLT-dependent low-latitude and midlatitude ground H perturbation response for each case.
[29] The common feature of the first three storm time cases is the existence of the polarity asymmetric H perturbation on the ground. Generally, there is a negative H perturbation near noon and extending to other regions of the dayside, and a positive H perturbation near midnight and extending to other regions of the nightside. This new feature is different from the normal response to pressure enhancements, where there is positive H perturbation at all MLTs under southward IMF B z [Russell et al., 1994b] . At the same time, we found there is an important MLT difference between the asymmetry patterns for the first three events. For the 25 September 1998 event, the response is closer to a dawn-dusk asymmetry with negative H perturbation across dusk and positive H perturbation on the dawn side. For the 29 May 2003 event, the response is closer to a day-night asymmetry with a smaller region of negative H perturbation around 1200 MLT on the dayside, extending less far toward dusk, and a larger region of positive H perturbation covering the remaining MLTs. For the 10 January 1997 event, the response is also closer to a day-night asymmetry. However, the negative H perturbation extended more toward dusk than during the 29 May 2003 event, but less far than during the 25 September 1998 event. [30] These features are consistent with the statistical results of Shi et al. [2006] , which showed the MLTdependent H perturbation of 186 pressure enhancements as a function of the preceding IMF B z condition. Shi et al. [2006] mainly focused on the dawn-dusk asymmetric H perturbation in that paper. However, despite the poor statistics for B z less than À10 nT, their Figure 4 shows significant negative H perturbations near noon and positive H perturbations around midnight, which is the feature of the day-night asymmetry seen above for the early main phase and early recovery phase cases.
[31] Our model shows that the above polarity asymmetry is primarily due to a net FAC system with upward FACs peaking in the evening sector and downward FACs peaking near dawn or in the early morning sector. The model results show that this net FAC system is the combined effect of the R1, R2 FACs and the closure FAC of the PRC. Within the context of this net FAC system, the R1 and R2 FACs have opposite contributions with the R1 contribution always being larger than that of the R2. This results in net negative H perturbations at noon and positive H perturbations at midnight as observed during the three storm time cases.
Thus, the imbalance of the R1 and R2 FACs is primarily responsible for the common feature of negative H perturbations at noon and positive H perturbations at midnight, during the three storm time cases.
[32] On the other hand, the closure FAC of the PRC contributes positive H perturbation around dawn and negative H perturbation around dusk, and the equatorial portion of the PRC contributes negative H perturbation around dusk. The negative H perturbation from the whole PRC system is primarily responsible for extending negative H perturbations toward dusk, which causes the differentiation of the dawn-dusk asymmetry pattern from the day-night one. The significant difference between the patterns of the three storm time events is how far the negative H perturbations can extend toward dusk. For the 25 September 1998 peak main phase case, the negative H perturbation extended across dusk into the evening sector. For the other two, the negative H perturbations extended into the afternoon sector but did not reach dusk. At the same time, the model results showed stronger contribution from the PRC for the dawndusk case than for the day-night ones (see modeling results in this paper and in paper 1). Thus, whether or not the H perturbation pattern is closer to a dawn-dusk asymmetry or to a day-night one is primarily determined by the relative contribution from the PRC, which in turn is determined by the strength of the PRC at the onset of pressure enhancements.
[33] Different strengths of the preexisting PRC at the onset of a pressure enhancement give different contributions to the ground H perturbation after being intensified by a pressure enhancement. As discussed in paper 1, the pressure enhancement during the 25 September 1998 event occurred at the peak main phase of the storm when the PRC was already very strong (note that the SYM-H at the onset of the pressure enhancement was $À200 nT and the ASY-H was $100 nT). The further intensified PRC by the pressure enhancement thus produced strong positive H perturbation around dawn through its FAC portion and negative H perturbation around dusk through both its equatorial portion and its FAC portion. As a result, the negative H perturbation on the dusk side exceeded the positive one from the CF current, which resulted in the negative H perturbation region extending from noon toward and across dusk. This can also be seen in the statistical results of Shi et al. [2006] , which show that the negative H perturbation actually extends deeper into the evening sector for IMF B z less than À10 nT [see Shi et al., 2006, Figure 4] .
[34] For the early main and recovery phase cases in this paper, the PRC was either developing or decaying and thus was weaker than during the peak main phase case (note that SYM-H and ASY-H were $À50 nT and $40 nT, respectively, at the onset of the 29 May 2003 pressure enhancement and $À60 nT and $60 nT, respectively, at the onset of the 10 January 1997 pressure enhancement). The relative contribution from the intensified weaker preexisting PRC in these two events was thus smaller than that from the stronger preexisting PRC in the 25 September 1998 event.
The negative H perturbation from the PRC was thus not enough to cancel out the positive H perturbation from the CF current on the dusk side, resulting in the negative H perturbation extending less far toward dusk than for the 25 September 1998 event. But, the stronger contribution from the R1 FACs still existed around noon and midnight. This results in the patterns closer to day-night ones for these two cases. From the relative contribution of each current for these two cases (Figures 3a to 3f and Figures 7a to 7f) , it can be clearly seen that the relative contribution from the PRC is indeed much less than those from the R1, R2 FACs and CF current.
[35] However, there is still some difference between the 29 May 2003 event and the 10 January 1997 event. The negative H perturbation extended more toward dusk during the 10 January 1997 event (negative H perturbation seen across 16:00 MLT) than during the 29 May 2003 event (negative H perturbation extending only up to 15:00 MLT). This is because the strength of the preexisting PRC at the onset of the 10 January 1997 event was somewhat larger (indicated by the value SYM-H and ASY-H indices at onset) than at the onset of the 29 May 2003 event. This supports our conclusion about the role played by the PRC in extending the negative H perturbation toward dusk and causing different asymmetry patterns.
[36] We further demonstrated the role of the PRC in causing different asymmetry patterns by artificially increasing and decreasing the strength of the PRC in the TS04 model for the 10 January 1997 event. Figure 12 shows the local time distribution of the H perturbation for 0.25PRC, 1.0PRC, 2.0PRC and 4.0PRC, respectively, where, for example, 2.0PRC means increasing the strength of the PRC by a factor of 2.0. It can be seen clearly how the negative H perturbations extend toward and across dusk with increasing strength of the PRC. For the extreme case with 4.0PRC, the negative H perturbation extends to $2300 MLT. At the same time, the magnitude of the positive H perturbation on the dawn side also increases considerably along with the increase of the PRC strength. As a result, the dawn-dusk asymmetry is significantly strengthened. From this perspective, there might exist a continuous transition from a day-night asymmetry pattern to dawn-dusk one along with the increase of the strength of the PRC at the onset of pressure enhancements. The 10 January 1997 event shows a pattern that can be viewed as inbetween the day-night and dawn-dusk asymmetry patterns.
[37] For the two cases in this paper, the 29 May 2003 and 10 January 1997, the R1 and R2 FACs are critically significant in producing the day-night asymmetry, with the R1 FACs having the most significant contribution and giving a negative contribution around noon and positive contribution around midnight. The R1 and R2 FACs are the major contributors to the inferred net FAC systems for these two cases. This is more consistent with the statistical results of Nakano and Iyemori [2003] based on a few years of magnetic field observation from the high-altitude spacecraft DE-1, in which they also inferred a net FAC system from an imbalance of the R1 and R2 FACs with upward FACs peaking in the evening sector and downward FACs peaking in the morning sector, than are our result for the peak main phase case that the major contributor is the closure FAC of PRC. It should be remembered that as mentioned in paper 1, the TS04 model separates the R2 and the PRC as two different current systems. However, these two may not be separate current systems in reality, since they are both associated with pressure gradients within the inner plasma sheet. If the PRC (or part of the PRC) were viewed as a component of the R2 FACs, all the different polarity asymmetry patterns could then be viewed as the result of the competition between R1 and R2 type of FACs.
[38] The CF current in these two events plays the same role as for the peak main phase case. It adds to the positive H perturbation from the net FAC system on the nightside and cancels some negative H perturbation on the dayside. We see some response of the tail current to these two pressure enhancements, its contribution being opposite to that from the CF current. But, the SRC still does not contribute to the day-night asymmetry as for the peak main phase case.
[39] For the late recovery phase case, 7 November 2000 event, there was no polarity asymmetry in H perturbation observed. The positive H perturbations everywhere are the result of the dominant contribution from the CF current, which is consistent with Russell et al. [1994a] for northward IMF B z . The model results show that the PRC, R1 and R2 almost have no response to the pressure enhancement. This is because during this very quiet time these currents are likely to be very weak already. For example, the ASY-H index was only $25 nT, indicating a rather weak PRC at the onset of the compression. The response of these very weak currents is thus very weak, which is further evidence that the contribution of these currents depends on their strength at the onset of pressure enhancement. The results of this case also suggest that whether or not there is a polarity asymmetry in the ground H perturbation as observed during the first three events can be viewed as the competition of the CF current with the R1 and R2 type of currents. Stronger effect of the R1 and R2 type of currents leads to the polarity asymmetry. While stronger contribution from the CF current causes the nonpolarity pattern, i.e., positive H perturbation everywhere.
[40] Finally, we need to mention that the strength of pressure enhancements might also play some role in affecting the relative contribution of the different current systems to the ground H response patterns. But we have not investigated enough cases here to evaluate this possibility.
Conclusions
[41] In this paper, we have applied the methodology developed in paper 1 to model the ground response to pressure enhancements occurring at different phases of storms, namely, the early main phase of the 29 May 2003 storm, early recovery phase of the 10 January 1997 storm, and late recovery phase of the 6 -7 November 2000 storm. Together with the results of the peak main phase case presented in paper 1, we find two general types of H perturbation patterns for the above events. For the first three cases, there were polarity asymmetric H perturbations on the ground with negative H perturbations near noon and extending to other regions of the dayside, and a positive H perturbation near midnight and extending to other regions of the nightside. This is a phenomenon different from the results under southward IMF B z of Russell et al. [1994b] . For the last case, there were positive H perturbations everywhere, which is consistent with the results under northward IMF B z of Russell et al. [1994a] .
[42] We found a significant difference in the MLT distribution of the negative H perturbation among the polarity asymmetry patterns of the first three cases. We summarize them as follows.
[43] 1. Dawn-dusk asymmetry: with negative H perturbation in the dusk sector extending through noon to late morning and positive H perturbation in the remaining region including the dawn. It is observed during the main phase peak of the 25 September 1998 storm when the PRC, R1 and R2 currents are expected to be strong. The net FAC system, which is the combined effect of the R1, R2, and the closure FAC of PRC (Note that the net FAC system should also include some contribution from the substorm current wedge if there were a substorm onset triggered by a pressure enhancement) and has an upward peak in the evening sector and a downward peak in the morning sector, contributes to the asymmetry. The equatorial portion of PRC around dusk and CF current also play indispensable roles in forming the pattern.
[44] 2. Day-night asymmetry: with a smaller region of negative H perturbation extending less far toward dusk and a larger region of positive H perturbation covering the remaining MLT sector. It is observed during the early main phase of the 29 May 2003 storm when the PRC is weaker than during the peak main phase. The major contributor is the net FAC system with similar configuration as during the peak main phase. But the negative H perturbation region extends less far toward dusk because of the weaker PRC. The CF current plays a similar role as during the peak main phase.
[45] 3. The 10 January 1997 event has a pattern between the above two, i.e., the negative H perturbation extending more toward dusk than the 29 May 2003 event, but less toward dusk than the 25 September 1998 event.
[46] Our results indicate that the negative H perturbation at noon and positive H perturbation at midnight are primarily from the stronger effect of the intensified preexisting R1 FACs at those locations, which is dominantly responsible for the day-night pattern. The relative contribution from the intensified preexisting PRC by pressure enhancements determines how far the negative H perturbations extend toward dusk, which in the end determines which kind of pattern will be observed. This contribution is in turn determined by the strength of the preexisting PRC at the onset of the pressure enhancement. The stronger is the preexisting PRC, the stronger is the contribution to the negative H perturbation on the dusk side, and the more the negative H perturbation extends toward dusk, the easier it is for the dawn-dusk asymmetry pattern to be observed. On the other hand, the weaker is the preexisting PRC, the easier it is for the day-night asymmetry to be observed, which has a dominant contribution from the R1 currents. Our results also show that there exist a continuous transition from a day-night asymmetry pattern to dawn-dusk one along with the increase of the strength of the preexisting PRC at the onset of pressure enhancements. For the very quite time of the late recovery phase of the 6 -7 November 2000 storm, no polarity asymmetric H perturbation was observed owing to the dominant contribution from the CF current and the lack of significant preexisting PRC and FACs.
[47] The above ground H response patterns could also be viewed as the result of the competition between the CF current and the R1 and R2 type of FACs considering that in reality the PRC and R2 FACs may not necessarily be different current systems, but are considered as separate in the TS04 model.
[48] Our results also indicate that that pressure enhancements intensify the preexisting PRC, R1 and R2 nearly instantaneously, which leads to the corresponding nearly instantaneous ground responses. The dependence of the role of the PRC on the strength of the preexisting PRC reflects the significant effect of IMF B z preconditioning on the role of the PRC, as also concluded by Shi et al. [2005 Shi et al. [ , 2006 .
[49] Finally, the results presented here indicate that our procedure for modification and application of the TS04 provides an efficient tool for investigating magnetospheric current responses to solar wind dynamic pressure enhancements. Future work should include developing a substorm current wedge model to accurately represents the ground field when there is a substorm occurring.
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